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ABSTRACT 
A continuous process  to feed c o a l  d i r e c t l y  i n t o  a 
pressurized g a s i f i e r  is descxibed.  Coal f i n e s  a r e  heated 
and mixed with a recycled t a r  binder and extruded through 
a novel  d i e  system aqainst  g a s i f i e r  pressure.  Performance 
data on a 2" system is given and s c a l e  up to a l a r g e r  6" 
system is described.  
INTRODUCTION 
- 
The f ixed  bed gasifier has h i s t o r i c a l l y  been l imi ted  
to coal o f  a r e s t r i c t e d  s i z e  and type. C o a l  f i n e s  below 
1/8* w e r e  screened o u t  and s tockpi le2  because t h e  f i n e s ,  
i f  g a s i f i e d ,  tended to  plug up t h e  ted, and i f  the a i r  
flow vas high,  t o  be e l u t e d  from the bed before  g a s i f i c a -  
t i o n  could occur. Hawever, run o f  mine coal can c a n + ~ i n  
as much as 30% - 40% f i n e s  and with today's  energy p r i ce s ,  
one is forced  by economics t o  u t i l i z e  t h i s  f r a c t i o n -  I n  
G e n e r a l  Electric's g a s i f i c a t i o n  work, t he  approach tal-on 
to  u t i l i z i n g  the f i n e s  has  been t o  extrude the coal 
d i r e c t l y  i n t o  t h e  g a s i f i e r  using t a r  as a binder. This  
technique has  t h e  advantage o f  u t i l i z i n g  the g a s i f i e r  
tar and coal f i nes ,  of e l imina t ing  the maintenance and gas  
handltng losses associated with  conventional lock hopper 
systems, and of enabling continuous feeding to pressur ized  
reactors, 
Success 02 the  opera t ion  hinges on t h e  a b i l i t y  o f  the 
ext ruder  to meet tile following goals: provide t h e  necessary 
s e a l i n g  c a p a b i l i t y  t o  withstand g a s i f i e r  pressure;  have the 
a b i l i t y  to extrude the coal f i n e s  a t  a competi t ive cost 
and power requirement; and have t h e  s i z e ,  r e l i a b i l i t y  and 
wear r e s i s t a n c e  t o  handle l a rge  tonnages o f  coa l  without 
excessive downtime and maintenance. 
Work has been done i n  the p a s t  i n  t h e  a r ea  of  coa l  
extrus ion.  such as t h e  Coal Logo") work done i n  t h e  
iate 1940's or t h e  more r ecen t  work by t h e  Bureau of 
n ines i4 ) .  b u t  none of  it has focused on t h e  use  of t h e  
ex t ruder  as a pressure  feeder ,  and t h i s  i s  where i ts  r e a l  
advantage lies - i n  its a b i l i t y  to pump compacted coa l  
d i r e c t l y  i n t o  a pressur ized system. The presen t  a l t e rna -  
t i v e  t o  direct ex t rus ion  is  t o  use  commercially ava i l ab l e  
double roll  presses  t o  b r i q u e t t e  t h e  coal f i n e s  and t o  use  
an add i t i ona l  lock hoppering s t e p  with its imherent l o s se s  
t o  i n j e c t  t h e  b r ique t t ed  f i n e s  i n t o  t h e  g a s i f i e r .  
EXTRUSION PROCESS EQUIPMENT 
A general  schematic of t h e  coal extrus ion process is 
s h a m  i n  Fig. 1. Screened coa l  f i n e s  are mixed with a 
tar binder  and f ed  i n t o  t h e  hopper of t h e  extruder .  The 
mix is ccnveyed down t h e  b a r r e l  by t h e  screw and com- 
pressed i n t o  a s o l i d  continuous rod of  ex t ruda te  i n  t h e  
d i e  a rea .  A chopper downstream o f  t he  d i e  is used t o  
break t h e  ex t ruda te  o f f  i n t o  s i zed  lengths  one diameter 
lang and may be used on l a r g e r  machines t o  q u a r t e r  t h e  
extrudate .  &th  t h e  chopper and d i e  are operated a t  
g a s i f i e r  pressure  which i n  t h e  GEGAS-D machine w i l l  be up 
t o  23 a t m .  The feed hopper is a t  atmospheric pressure  
as is t h e  ex t ruder  b a r r e l ,  w i t h  t h e  c r i t i c a l  gas  seal 
being maintained by the  coal pack i n  the d i e .  With t h i s  
system, no lock hoppers a r e  needed to feed c o a l  i n t o  t h e  
g a s i f i e r .  On t h e  GEGAS machine, an i s o l a t i o n  chamber wi th  
t w o  valves  w i l l  be provided between t h e  ex t rude r  and t h e  
g a s i f i e r  to  permit o f f - l i ne  pressure  t e s t i n g ,  and t o  isolate 
t h e  extruder  from t h e  g a s i f i e r  i n  t he  event  a leak develops 
C 
4 o r  i f  system maintenance is  required.  
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We have worked with  f i v e  ex t ruders  i n  developing t h i s  
process to  t h e  presen t  p i l o t  p l a n t  s c a l e .  The f i r s t  machine 
was a modified one inch p l a s t i c  ex t ruder  capable of 1 5  lb/hr 
of ex t ruda te .  Our presen t  machine is a s i x  inch capable of  
I: 
k 40001bfir. The following is a desc r ip t ion  o f  t he  equipment 
i n  more d e t a i l  and a summary of  the operat ing r e s u l t s .  
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Figure 1 .  Pressurized Coal Extrusion Feeding Process 
ONE - INCH gXPRUDgR 
Our o r i g i n a l  idea for coal ex t rus ion  was to use  t he  
p l a s t i c  p rope r t i e s  of t h e  coal i t s e l f  by hea t ing  t t  t o  
approximately 750°F, a t  which po in t  it so f t ens  t o  a s e m i -  
\ l i q u i d  which can be extruded. W e  used a one inch  p l a s t i c  
a 
ext ruder  w i t h  a 24:l e l e c t r i c a l l y  heated Xaloy barrel and 
a two s t age  vented screw made o u t  of chrome p l a t ed  4140. 
This approach w a s  dropped a t  an  e a r l y  skage, however, due 
to  d i f f i c u l t i e s  i n  con t ro l l i ng  t h e  process. Coal is an 
extremely va r i ab l e  substance and when heated i t s  p rope r t i e s  
change r ap id ly  wi th  t i m e .  Large amounts of gas  a r e  evolved 
during the sof ten ing  process and t h i s  p lu s  t h e  f a c t  t h a t  
t he  coal  can change from a powder t o  a t a r r y  consis tency t o  
a r i g i d  s o l i d  as a funct ion of  t i m e  and temperature led us 
to  abandon t h i s  i n  favor  of a low temperature ex t rus ion  
process using supplied tar  as a binder.  
Modifications were made t o  the one inch screw and hopper 
t o  permit feeding the  dry coa l  tar mixture, and a f ixed  
length d i e  of  one inch ID was added t o  form the  extrudate .  
Using ash as a d i l u e n t  and with the ext ruder  d i r e c t l y  con- 
nected t o  ou r  one f t .  l abora tory  g a s i f i e r  as shown i n  Fig. 2 ,  
w e  made our  f i r s t  success fu l  run on highly swel l ing P i t t sburgh  
18. Maximum output  of t h e  machine w a s  15 lb/hr a t  a s p e c i f i c  
power consumption of 1 7  lb/kw-&. Density of the ex t ruda t e  
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w a s  on the  o rde r  of 75 l b / f t  . 
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The v a r i a b i l i t y  o f  c o a l  became e v i d e n t  ve ry  e a r l y  
i n  o u r  work a s  it was d iscovered  t h a t  d i f f e r e n t  c o a l s  
requi red  d i f f e r e n t  back-pressures i n  t h e  die to  form 
a coherent  rod of  c o a l .  Too l o w  a backpressure  and 
t h e  d e n s i t y  and s t r e n g t h  f a l l s  o f f  t o  t h e  p o i n t  where t h e  
e x t r u d a t e  is n o t  s t r o n g  enough t o  wi ths tand  t h e  AP from 
g a s i f i e r  t o  atmospheric p r e s s u r e .  Too h igh  a back-pressure 
and t h e  d i e  w i l l  jam up. W e  a l s o  found t h a t  wi th  b i n d e r  
percentages  less than %14% t h e  c o a l  mix would n o t  flow 
through a d i e  whose cross s e c t i o n  was less than  t h a t  of  
t h e  b a r r e l .  
Screw wear a l s o  proved t o  be a problem w i t h  t h e  one 
inch machine and a s  t h e  s c r e w  wore the pumping e f f i c i e n c y  
e f e l l  o f f  r a p i d l y .  The smooth Xaloy b a r r e l  l i n e r  w h i l e  it 
s tood up t o  t h e  ab ras ion  of  t h e  c o a l  very  w e l l ,  a l s o  d i d  
nothing t o  h e l p  t h e  pumping e f f i c i e n c y  due to t h e  low co- 
e f f i c i e n t  of  f r i c t i o n  between it and t h e  c o a l .  
TWO INCII EXTRUDER 
---- -
Using t h e  o p e r a t i n g  e x y e r i e n c e  g a i n e d  on t h e  one i n c h ,  
w e  s c a l e d  t h e  p r o c e s s  up t o  a  t w o  i n c h  e x t r u d e r ,  t h e  b a s i c  
components f c r  which were s u p p l i e d  by t h e  Bonnot Company, 
l o c a t e d  i n  Kent,  Ohio. The machine has  a l a r g e  f e e d  
Ilopper, a s h o r t  6:l b a r r e l  w i t h  a  h e a t  t r e a t e d  r i b b e d  
l i n e r  f a r  h igh  pumping e f f i c i e n c i e s ,  and 17-4 ph h e a t  
t r e a t e d  s t a i n l e s s  steel screw f o r  e r o s i o n  and c o r r o s i o n  
r e s i s t a n c e .  The b a r r e l  is j a c k e t e d  f o r  150# steam; t h e  
feed hopper  is coo led  t o  p r e v e n t  hang up o f  m a t e r i a l  due t o  
s o f t e n i n g  o f  t h e  t a r  b i n d e r .  On both t h i s  and t h e  one i n c h  
machine,  t h e  c o a l  and p u l v e r i z e d  t a r  a r e  premixed' and f e d  
c o l d  t o  t h e  e x t r u d e r .  Heat from t h e  s team j a c k e t  and from 
f r i c t i o n a l  work b e i n g  done on t h e  c o a l  d u r i n g  compaction is  
s u f f i c i e n t  t o  m e l t  and s p r e a d  t h e  t a r  b i n d e r .  Screw speed  
can  be varied from 10 t o  90 rpm; power i s  s u p p l i e d  v i a  a 
3 hp e l e c t r i c  d r i v e .  
TWO INCH DIE 
To c o n t r o l  e x t r u d a t e  formation on l i n e  us ing  d i f f e r e n t  
c o a l  i n p u t s ,  an a d j u s t a b l e  back-pressure d i e  wad developed. 
As i n  any e x t r u s i o n  p rocess ,  t h e  d i e  is perhaps one o f  t h e  
most c r i t i c a l  components i n  t h e  system, o u r s  being no 
excep t ion ,  and much deve'l-opment work has  gone i n t o  t h e  de- 
s i g n  and c o n s t r u c t i o n  of a d i e  which could  compensate f o r  
t h e  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  r e q u i r e d  o f  d i f f e r e n t  
mixes. The  d i e  has two modes of adjustment  - t h e  s u r f a c e  
a r e a  i n  c o n t a c t  w i t h  t h e  coa l  can be  v a r i e d ,  and t h e  c ross -  
s e c t i o n a l  d i scharge  a r e a  can be  a d j u s t e d  t o  g i v e  t h e  proper  
backpressure t o  t h e  forming c o a l  rods.  The d i e  is  c i r c u l a r  
i n  c ross - sec t ion  and can he v a r i e d  from one d iameter  t o  
2 .5  d iameters  i n  l eng th .  Adjustment can be made manually 
v i a  hydrau l i c  a c t c a t q r s  or can be accomplished au tomat ica l ly  
us ing  a feed back c o n t r o l  system. D i e  m a t e r i a l  i s  s t a i n l e s s  
steel. 
An off l i n e  p r e s s u r e  v e s s e l  i s  used t o  s i m v ~ l a t e  g a s i f i e r  
p ressure .  The v e s s e l  i s  r a t e d  a t  1200 p s i  and is  b o l t e d  up 
t o  t h e  e x t r u d e r  and p r e s s u r i z e d  t o  t h e  d e s i r e d  o p e r a t i n g  
c o n d i t i o n s .  Water i s  p r e s e n t l y  be ing  used i n  t h e  system f o r  
convenience and f o r  s a f e t y  reasons  i n  t h e  e v e n t  a leak  
develops back through t h e  e x t r u d e r .  A simple b r e a k e r  p l a t e  
i s  used i n s i d e  t h e  v e s s e l  t o  break t h e  e x t r u d a t e  off i n  
l e n g t h s  about one t o  two diameters  i n  length. The e x t r u d e r ,  
its c o n t r o l  system and feed hopper can be seen connected 
to  the pressure vessel in Fig. 3 .  
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F i g u r ~  3 .  T w o - I n c h  Coal Extruder Fccding  I n t o  1 O r l C  PSI P r e s s u r e  Vessel, 
TWO INCH SCREW PERFORMANCE 
Table 1 shows our  operat ing r e s u l t s  t o  da te .  Although 
w e  have done test work on a v a r i e t y  of  coa l s  ranging from 
l i g n i t e s  t o  anthrac?te ,  most of our work has  concentrated 
on Pi t tsburgh #8,  which has become our  re fe rence  feedstock. 
A l l  of  t he  mixea which these  r e s u l t s  were obtained on were 
90% coal ,  10% aspha l t  p i t ch  and a l l  percentages a r e  on a 
weight bas is. 
Whether one chooses t o  extrude only p a r t  of  t he  coa l  
feed o r  a l l  of  it depends on t h e  power requirements and on 
t h e  c o s t  of  the  ex t rus ion  equipment which, i n  t u rn ,  depends 
on t h e  capaci ty  of a given p iece  of equipment i n  pounds pex 
2 hour / f t  b a r r e l .  
We have been developing t h e  c a p a b i l i t y  of t h e  ex t ruder  
along these  l i n e s  and have achieved a s i g n i f i c a n t  increase  
i n  performance i n  s c a l i n g  up from t h e  one inch t o  t h e  t w o  
inch extruder .  This i s  due t o  design improvements i n  t he  
b a r r e l ,  screw, and d i e  and a l s o  t o  mare favorable  sur face  t o  
volume r a t i o s  obtained with t he  l a r g e r  machine. A t  one am., 
t he  specFfic power consumption of 200 lb/kw-hr and output  of 
2 11,000 lb/hr-f t  b a r r e l  represen ts  a s i g n i f i c a n t  improvement 
over t h e  one inch system, Higher numbers here  are i n d i c a t i v e  
of better performance and w e  a r e  aiming f o r  > 200 lb/kw-hr a t  
2 a s p e c i f i c  ou tpa t  of a t  least 20,000 l b / h r - f t  b a r r e l  on our  
p i l o t  p l a n t  system. To pu t  t h e  power numbers i n  perspect ive ,  
gas l o s s e s  from a convent ional  lock hopper system a t  2 3  atm. 
amount t o  'L 1 .5%.  The ene,rgy requirements  t o  recompress and 
r e i n j e c t  t h i s  gas  a t  23  atm. is eqq3ivalent i n  energy terms t o  
t h a t  r equ i red  t o  ex t rude  t h e  c o a l .  Furthermore, i f  ont r e q u i r e s  
t h a t  t h e  c o a l  f i n e s  must b e  u t i l i z e d  i n  t h e  lock hopper a s  i s  
being done wi th  t h e  e x t r u d e r ,  a b r i q u e t t i n g  o p e r a t i c n  w i l l  be 
r equ i red ;  t h e  power requirements  f o r  t h i s  added t o  t h e  lock 
hopper l o s s e s  g i v e s  a  - s t h e r  high s p e c i f i c  power c o n s m p t i o n  o f  
% 130 l b / k ~ - h r  f o r  t h e  combination lock hopper b r i y u e t t i n g  
opera t ion .  
W e  have c o n t i n u a l l y  been i n z r e a s i n g  t h e  press- ] re  t o  which 
w e  can d e l i v e r  c o a l  by e x t r u s i o n  and have s u c c e s s f u l l y  opera ted  
a g a i n s t  p ressures  a s  high as 1100 p s i  a t  low d e l i v e r y  r a t e s .  
Power requirement i n c r e s s e s  wi th  i n c r e a s i n g  p r e s s u r e  as i n d i c a t e d  
by t h e  e x t r u d e r  performance a t  20 atrn. Th i s  i n c r e a s e  is  g r e a t e r  
than t h a t  suggestdd by t h e  t h e o r e t i c a l  P-V work, I:cwever, and 
by judic ious  o p e r a t i o n  of t h e  e x t r u d e r  and d i e ,  w e  f e e l  w e  can 
b r i n g  t h e s e  nanbers  down. 
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TABLE 1 
Improved Performance With Extruder ~caie-UP 
. P HYDROSTATIC POWER 
EXTRUDER BACK PRESSURE SPECIFIC OUTPLIT CONSUYPTION 
(ATMI (lb/hr/ftibbl) (lbm/KWe - hr) 
TWl INCH MACHINE WEAR 
Machine wear has been a recur r ing  problem with  t h e  process 
and harder  ma te r i a l s  have been employed t o  handle it. C o a l  is 
a very abras ive  material and where t h e r e  is s l i d i n g  contac t  
wi th  t h e  coa l  occurr ing under pressure ,  t he re  is wear. On t h e  
two  inch machine, both t h e  b a r r e l  and d i e  have he ld  up 
except ional ly  w e l l  and w e  a r e  still using t h e  same hardware 
a f t e r  t w o  years  o f  test work. The s c r e w  i s  a d i f f e r e n t  s t o r y ,  
however. 
W e  genera l ly  opera te  i n  t h e  range of  3000 t o  5000 p s i  
on t h e  coal ,  t h i s  being t h e  pressure  t h a t  t h e  screw e x e r t s  
on t h e  coa l  t o  fo rce  it through the  d i e  aga ins t  20 atm. 
backpressure. Since t h e  ex t ruda te  mix behaves almost as a 
s o l i d  i n  t h e  barrel, it i s  n3 t  poss ib le  t o  gradual ly  bu i ld  
up t o  t h i s  p ressure  over a sec t ion  of t h e  s c r e w  as can be 
done wi th  a tapered compression zone on a p l a s t i c s  extruder .  
We are forced,  i n s t ead ,  t o  develop t h e  required pressures  
with only about t he  las t  two f l i g h t s  of t h e  worm, and t h i s  
is where our  wear occurs.  The rest of t he  w o r m  while it 
does s'low some wear, is n o t  subjected t o  near ly  a s  severe  
condi t ions  as t h e  t i p .  
To combat the wear, w e  f i r s t  t r i e d  flame spray coat ings  
r) bu t  these  tended t o  ch ip  and f l a k e  o f f .  S t z l l i t e  on t o p  
of a h e a t  t r e a t e d  17-4 s t a i n l e s s  steel go t  our  wear down to 
more reasonable l i m i t s  while providing the  necessary s t r eng th .  
W e  have r ecen t ly  switched t o  a machinable t i t an ium carbide 
t i p  which i s  mechanically fas tened to  t h e  ex t ruder  shank. 
T h i s  i s  our second e f f o r t  using carbide;  t h e  f i r s t  screw 
had a s o l i d  t i t an ium carb ide  t i p  which was vacuum brazed 
t o  t he  shank. The f a c t  t h a t  t h i s  t i p  could no t  be re- 
moved l imi ted  its f l e x i b i l i t y ,  and t h e  f a c t  t h a t  it broke 
m d e r  load l imi t ed  i ts  usefulness.  Wear with t h e  carbide 
is down i n  t h e  5 ppm range, where we  are express ing t h e  l b s  
of screw m e t a l  l o s t  per one-million l b s  of  mix extruded.  
W e  would l i k e  t o  see t h e  w e a r  rate b e l o w  0.1 ppm and a r e  
continuing t o  look a t  advanced ma te r i a l s  and coa t ing  processes 
to  accomplish t h i s  goal .  
Table 2 summarizes our  resu'ts t o  da te .  
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TABLE 2 
WEAR RATES OBTAINED ON EXTRUDER SCREW 
SCREW MATERIAL \EAR,  PPr1 
Carbon S t e e l  
4140 Chrome Plated 
F l m e  Sprayed Coatings 
17-4 Heat Treated S t a i n l e s s  S t e e l  
stellitea#l 
Titanium Carbide ( ~ e r r o t i c ~ ~ s - 4 0 )  
H i  Chrome Cast S t e e l  
Advanced Coatings 
> 100 
> 100 
Chipped 
30 
16 
5 
0 . 5  
? 
TW) INCH SCREW/RAM 
The a b i l i t y  o f  t h e  e x t r u d e r  t o  s u r v i v e  on coal i s  
o f  paramount impor tance  t o  the s u c c e s s  o f  t h e  p r o j e c t  
and  w e  f e l t  t h a t  i n  view o f  t h e  wear problem w i t h  t h e  
screw, w e  s h o u l d  i n v e s t i g z t e  a n  z l t e r n a t i v e  means o f  
f u e l  i n j e c t i o n  which d i d n ' t  p u t  as much of t h e  burden 
on t h c  r o t a t i n g  screw. T h i s  r e s u l t e d  i n  t h e  screw-ram 
concep t  which combines t h e  best o f  bo th  a screw and  a 
rzm e x t r u d e r .  
W e  had b u i l t  a  small ram e x t r u d e r  e a r l y  i n  o u r  work 
and w h i l e  it showed l i t t l e  promise due to l o w  p o t e n t i a l  
t h roughpu t s  and s e a l i n g  c a p a b i l i t y ,  it d i d  o p e r a t e  w i t h  
v e r y  l o w  e r o s i o n  r a t e s  and  w a s  c a p a b l e  o f  d e v e l o p i n g  h i g h  
r a m  p r e s s u r e s .  
A f t e r  e x t e n s i v e  d e s i g n  work, t h e  e x i s t i n g  two i n c h  
s c r e w  e x t r u d e r  was modi f ied  i n t o  what w c  f e e l  is a  v e r y  
v e r s a t i l e  p i e c e  o f  test equipment  which can  be run  as a 
screw e x t r u d e r ,  a r a m  e x t r u d e r  o r  a screw/ram. F i g .  4 
shows t h e  machine d u r i n g  o f f - l i n e  a tmosphe r i c  t e s t i n g .  
Ope ra t ion  a s  a screw/ram i s  s i m i l a r  i n  concep t  t o  an 
i n j e c t i o n  molding machine. On t h e  f e e d  s t r o k e  t h e  
h y d r a u l i c a l l y  powered screw rotates t o  f e e d  t h e  c o a l / t a r  
mix forward  w h i l e  a t  t h e  same t i m e  r e t r a c t i n g  from t h e  
b a r r e l .  A t  a p r e s e l e c t e d  p o i n t ,  t h e  screw s t o p s  r o t a t i n g  
and h y d r a u l i c  a c t u a t o r s  ram t h e  screw forward  t o  compact 
-~le coa l  i n  the die area .  Hydraulic pressure is then 
re l ieved  on t h e  a c t u a t o r s  and t h e  screw be g i ~ s  the  f w d  
cyc le  again.  Wear was expected t o  be s u b s t a n t i a l l y  
reduced on the screw t i p  because during conditions of 
high face  loading,  i . e .  when the coa l  is  being forced 
through t h e  d i e ,  t h e  s c r e w  is non-rotating and hence 
there  is no r e l a t i v e  v e l o c i t y  between it and t h e  coa l .  
The ad jus t ab l e  c i r c u l a r  d i e  from the two inch machine 
is used and t h e  axial force  which can be developed on the  
coa l  i s  only l imi ted  by the  s i z e  of the ac tua to r .  

SCREW/RAM - PERFORMANCE 
The performance o f  t h e  machine a t  one atm. was b e t t e r  
t han  expec ted .  Smooth s t e a d y  o p e r a t i o n  was t h e  r u l e  r a t h e r  
t han  e x c e p t i o n  on a sampling o f  t e n  d i f f e r e n t  c o a l s  run .  
Screw wear was reduced by a lmos t  30b, power consumption was 
230 lb/kw-hr, and s p e c i f i c  d e l i v e r i e s  approached 10,000 
l b / h r  p e r  f t 2  o f  barrel a r e a .  While a x i a l  p r e s s u r e s  a s  
n igh  a s  20,000 p s i  c o u l d  be e x e r t e d  on t h e  c o a l ,  best 
r e s u l t s  w e r e  o b t a i n e d  i n  t h e  3000 t o  5000 p s i  r ange .  
P r e s s u r e s  much h i g h e r  t h a n  t h i s  caused  s u r f a c e  d e g r a d a t i o n  
o f  t h e  e x t r u d a t e ,  r e s u l t i n g  i n  a weaker r a t h e r  t h a n  z t r o n g e r  
b r i q u e t t e .  
Ope ra t ion  a t  p r e s s u r e  w i t h  t h e  screw/ram proved t o  be a 
problem. W e  c o u l d  n o t  r e l i a b l y  m a i n t a i n  a g a s  s e a l  a g a i n s t  
backpres su re s  g r e a t e r  t h a n  23 a t m .  Leakage th rough  o r  
around t h e  c o a l  p l u g  would b e g i n  t o  deve lop  as t h e  screw 
s t a r t e d  i t s  f e e d  s t r o k e .  The l o o s e l y  compacted c o a l  b e i n g  
f e a  i n  f r o n t  o f  t h e  screw d i d  n o t  p r o v i d e  enough s u p p o r t  f o r  
t h e  compacted c o a l  p l u g  i n  t h e  d i e .  A t a p e r e d  d ie  w i t h  a 
s l i g h t l y  d i v e r g i n g  c r o s s - s e c t i o n  was t r i e d  i n  an  e f f o r t  t o  
f o r c e  t h e  c o a l  p lug  t o  a c t  more l i k e  a c o r k ,  b u t  w e  s t i l l  
cou ld  n o t  c o n t i n u a l l y  m a i n t a i n  a seal on t h e  back s t r o k e  a t  
p r e s s u r e s  h i g h e r  t h a n  abou t  20 t o  25 a t m .  
By r e s t r i c t i n g  t h e  rearward movement of  t h e  screw 
during feed, however, w e  were ab le  t o  s e a l  a t  p ressures  
i n  excess of 40 atm, bu t  because of  t he  add i t i ona l  work 
being required of t h e  screw, both power and wear increased 
t o  the  point  where t h e  advantages of  t h e  screw ram concept 
ovsr  the  s t r a i g h t  screw began t o  diminish. 
SIX INCH EXTRUDER 
General Electric i s  c u r r e n t l y  engaged i n  a j o i n t  
g a s i f i c a t i o n  program wi th  E .P .R . I .  a s  p a r t  of a c o n t r a c t  
t o  b u i l d  and o p e r a t e  a s t i r r e d  f i x e d  bed g a s i f i e r  capable  
of process ing  2000 lb /h r  of c o a l  a t  2 3  atm p r e s s u r e .  The 
f a c i l i t y  is l o c a t e d  a t  t h e  General Electric Research and 
Development Center  i n  Schenectady, New York. 
To feed c o a l  t o  t h e  g a s i f i e r ,  bo th  a lock hopper 
system and an e x t r u d e r  w i l l  be used. Incoming run o f  
mine c o a l  w i l l  be  screened t o  remove t h e  s i z e  f r a c t i o n  
%elow 1/8". These f i n e s  w i l l  be s e n t  t o  t h e  e x t r u d e r  
while  t h e  above 1/8" w i l l  be  lock-hoppered i n t o  t h e  
g a s i f i e r .  Both feed  systems are s i z e d  such t h a t  they  
can each handle  t h e  f u l l  o u t p u t  o f  t h e  g a s i f i e r  independ- 
e n t l y  o f  each o t h e r .  
The GEGAS-D e x t r u d e r  i s  a s i x  inch  heavy duty  screw 
type powered by a 60 hp SCR d r i v e .  I t  i s  nominally r a t e d  
a t  2000 l b / h r  b u t  on t h e  b a s i s  o f  o u r  r e s u l t s  s o  f a r ,  w e  
f e e l  t h i s  i s  a conse rva t ive  number. The hopper o f  t h e  
machine is equipped w i t h  two counter -current  packer  wheels 
which h e l p  cram t h e  h o t  mix i n t o  t h e  screw c a v i t y .  The 
screw i t s e l f  i~ of t h e  segmented auger  type  wi th  i n d i v i d u a l  
c a s t  s e c t i o n s  s t acked  a long a c e n t r a l  d r i v e  s h a f t  t o  g i v e  
a continuous worm. With t h i s  des ign ,  screw geometry can be 
v a r i e d  q u i t e  e a s i l y  and worn a r e a s  o f  t h e  screw can be re- 
placed wi thout  removing t h e  e n t i r e  screw. L/D of t h e  machine 
is 4 : l  and t h e  b a r r e l  is  made up of two steam jacketed  
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i s  a scaled up verrjion of the tvo inch an8 is a conibiraation variable area- 
variable length. b e  material is stainless steel .  
For off-line pressure testing,  a 700 psi  c b b e r  is wed as ao extrudate 
receiver and is imlu ted  flwm the extruder with a high speed h i f e  gate valve 
. i n  the event that  the pressure sed  i r ~  bst i n  the extruder die. During on-line 
+2;~ing agalnat gasif ier  pressure, t h i s  receiver w i l l  be connected t o  the pres- 
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surized coal feed auger on the gasifier and w i l l  house a hydraulically pcw&red 
chopper. Cum& teeth on a rotating flywheel are used t o  break the  solid 6" 
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logs into pieces mall. enough t o  be fed by the auger. A 10" ~ver las t ing@ s l ide  
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: .  i . .  gate valve m u t e d  between the gasif ier  auger and receiver isolates the extru- 
. . 
i 
i 
.:. ' . : , I .  sion system Prm the gasif ier  during start-up and during emergency shutdowns. 
As a safety interlock, valve actuation is protected by a logic system 
which prevents an operator P'rom opening the  valve unless the pressure in the  
receiver and gasif ier  a re  equalized. Pressure equalization is handled by a 
small l i ne  using high pressure I?*, a l l o ~ i n g  the operator t o  t e s t  the extruder 
seal  before exposing it t o  full operating conditions by opening the valve. 
Both the Everlastinga valve and the emergency 10" knife gate valve mounted 
between the extruder die and receiver are designed t o  close against a colurm; 
of extrudate. With both these valves closed and the receiver vented, 


t he  extruder  ,:an be ifiolated a t  e s s e n t i a l l y  atmospheric condition; while t h e  
g a s i f i e r  r e m ~ i n s  a t  operating pressure.  
Hot mix i s  supplied t o  t he  extrudzr v i a  a Latch paddie mixer and a 
conveyor system. Preheated 250 '~  mix i s  b e h g  used instead of' tile cold milled 
tw and coal  used previously, because with the  l a r g e r  crcjss-sectional a rea  of 
t h e  s i x  inch and the  deeper screw f l i g h t s ,  t h e  heat t r a n s f e r  between t h e  w a i l s  
and mix i s  insufFicienL t o  melt and spretd the  t a r  binder. Us i r i~  a separate  
mix system a l s o  gives us  more system f l e x i b i l i t y  and allows u s  t r  separate  t he  
extrusion problems from the  mlx prep problems. Tar i n j ec t ion  l n t o  the  mixers 
is handled hot on a weight percentage bas is .  Figure 5 shows t h e  extruder 
connected t o  t he  receiver/chopper i n  preparation f o r  a i r  backpressure t e s t s  
on the  gas i f ie l . ,  Figure 6 shows t h e  comparative s i z e  of t he  extrudate produced 
/ 
from the  one inch, two inch axid s i x  inch machines. 
Six Inch Performance 
TG date  about 30,000 lb s .  of mix have been extruded i n  a s e r i e s  of of f -  
l i n e  t e s t s  at backpressures ranging from 1 t o  33 atm. This new system has gone 
through check-out runs and opera t i rg  r e s u l t s  so f a r  suggest be1 t e r  than an t i -  
c ipated performance a t  one atmosphere. Extrudate has been del ivered a t  1 atm. 
2 
a t  a r a t e  of 7000 lb/hr-f t  bb l  a t  > 310 lb/kw-hr. pcwer consumption, with 3 
* 
2 projected nmimum del ivery '.n excess of 4000 lb /hr .  u r  20,000 l t / h r - f t  bb1 
area spec i f i c  del ivery.  
By inc reas ing  o p e r a t i n g  rpm o f  t h e  screws, t h e  o u t p u t  per . i 
machine could be inc reased  still f u r t h e r ,  b u t  would be l i m i t e d  
u l t i m a t e l y  by t h e  p o i n t  where t h e  feed  screw beg ins  to  s t a r v e  
- 3 
feed. 
Severa l  s h o r t  d u r a t i o n  tests have been made o f f  l i n e  a g a i n s t  
i c  
h y d r o s t a t i c  heads up to  33 atmospheres. Although run t i m e s  have i 
! 
been s h o r t  due to  t h e  r a t h e r  l i m i t e d  volume of  t h e  r e c e i v z r /  I 
chopper housing, t h e  o p e r a t i n g  d a t a  does shod t h a t  t h e  e x t r u d e r  
can d e l i v e r  e x t r u d a t e  a g a i n s t  a 500 p s i g  head. Water was used 
a s  t h e  p r e s s u r i z i n g  medium i n  t h e s e  tests f o r  reasons  of con- 
venience and s a f e t y .  
A s  Table I i n d i c a t e s ,  s p e c i f i c  paver consumption a t  p ressure  
has been lower on t h e  6" machine than  t h e  2" e x t r u d e r  (170 lb/kw- 
9 
hr. vs  120 lb/kw-hr f o r  t h e  2" ) ,  i n d i c a t i n g  t h a t  sca le-up a s  w e l l  
a s  equipment improvements have again  been e f f e c t i v e  i n  lowering 
t h e  p rccess  power requirements.  The s p e c i f i c  d e l i v e r y  o f  5000 
2 lbm/hr-ft b b l  shown f o r  t h e  6'' machine is a r t i f i c i a l l y  l o w  due 
t o  t h e  low d e l i v e r y  r a t e s  d i c t a t e d  by t h e  l i m i t e d  volume of t h e  
o f f  - l i n e  chopper hor;sing/receiver.  These power f i g u r e s  do n o t  
inc lude  t h e  work requ i red  to h e a t  and blend t h e  t a r - c o a l  mixture .  
T e s t  r e s u l t s  have i n d i c a t e d  t h a t  t h e  e x t r u d e r  d e n s i t y  has  a 
d i r e c t  r e l a t i o n  on t h e  s e a l i n g  c a p a b i l i t y  of  ti-? machine. F a t i s -  
f a c t o r y  gas s e a l s  have been cb ined a g a i n s t  33 atm. backpressure  
wi th  e f f e c t i v e  c o a l  plug l e n g t b s  as s h o r t  a s  4.5". Power consump- 
t i o n  is a180 a funct ion o f  dens i ty  however, and an opera t ing  
trade-off  has t o  be made. On t h e  6. machine t h i s  means d e n s i t i e s  
of 73-78 l b / f t 3  t o  ob ta in  gas  s.;ais a t  33 atm. backpressure with 
reasonable power consumption. 
Control  of  ex t ruda te  formation using t h e  v a r i a b l e  l eng th  
va r i ab l e  area die sca led  from t h e  two-inch machine has  genera l ly  
been acceptable ,  although t h e r e  are per iods  o f  i n s t a b i l i t y  where 
power and dens i ty  f l uc tua t ions  occur. These are most prevalent  
during sta-t-up and shut-down and hopeful ly  w i l l  n o t  present  a 
major problem during long term running. 
S i x  Inch Wear 
Wear on t h e  auger parcs  has been below 0.5 ppa, which repre- 
s e n t s  a t e n  f o l d  decrease over  measured w e a r  on t h e  twe-inch 
screw. Auger saterial is a high-chrome, cast steel wi th  a Rc 
hardness of  60-67. This is n o t  a p a r t i c u l a r l y  hard or e x o t i c  
material arfd t h e  wear reduction obtained is f e l t  to be a combin-- 
t i o n  of both materials and more favorable  geometric factors ob- 
t a ined  from scale-up. The d i e  has also he ld  up w e l l  and t h e  
o r i g i n a l  hardware is still i n  service with  no wear problems as 
yet .  Long term t e s t i n g  L ~ v o l v i n g  seve ra l  hundred tons  o f  extru-  
d a t e  w i l l  u l t imate ly  be  needed, however, t o  determine wear rate 
project ions .  
Current T e s t s  
The ex t ruder  is k~-esen t ly  connected to t h e  GEGAS f i x e d  bed 
g a s i f i e r .  U n f i ~ e d  a i r  tests are i n  progress  now us ing  t h e  
g a s i f i e r  a s  a backpressure vesse l .  Based on t h e  3uccess of 
these  tests, severa l  long term runs with t h e  g a s i f i e r  opera t ing  
a t  20 atm. on 100% extrudate feed are anticipated. These t e s t s  w i l l  supply 
not only c r i+ i ca l  data needed t o  determine the  v iab i l i ty  of the  extrusion 
process but ui3.1 also determine how tile extrudate behaves as  a gasi f ier  feed 
stock. Gasification ra tes ,  f ines carryover and tar mass balances are  parameters 
t o  be measured. Success of these t e s t s  would paw the  way for develcpment of 
a commercial sized ten o r  twelve inch extruder by supplying t he  c r i t i c a l  re l ia-  
b i l i t y  and operating cost ciata needed t o  compare t h i s  approach w i t h  other 
feeding systems. Based on current data, three of the  twelve inch extraders 
would supply the 20 tph feed data t o  a commercial gas i f ier  of twelve foot 
internal  diameter. 
DISCUSSION 
Process Variables 
Coal's v a r i a b i l i t y  even w t m n  seams 2 s  legendary. 
This has  contr ibuted to  the large ilraction of a r t  i n  the 
business of c o a l  u t i l i z a t i o n .  Each coal  behaves d i f f e r e n t l y  
when burned or gas i f i ed  and i n  our extrusion work, w e  have 
found t h a t  no two coals  extrude exact ly  a l ike .  While the  
b e s t  way t o  determine how a p a r t i c u l a r  coal w i l l  behave 
is t o  ac tua l ly  extrude it, there  a r e  c e r t a i n  var iables  
which give us  a c lue  t o  a c o a l ' s  performance. These are 
a 
the rank of t h e  coal, the  p a r t i c l e  s i z e  d i s t r i b u t i o n  of 
the  coal  and the  moisture content of  the coal.  Two o t h e r  
important var iables ,  not  a function of the  coal  type but  
d i r e c t l y  r e l a t e d  t o  t h e  process, a r e  t h e  amount a n l  type of 
binder used and the  addi t ion of o ther  components t o  the  
extrudate mix. 
It has been our  experience t h a t  the  higher r m k  coa l s  
a r e  generally easier t o  extrude, an thrac i te 'be ing  the e a s i e s t  
and some of t h e  sub-bituminous and l i g n i t e s  being t h e  m o s t  
d i f f i c u l t .  There are most l i k e l y  exceptions t o  this r u l e ,  
but with the  coals  we have run, t h i s  has proven t o  be the  
case. A s  f o r  the  reason we don' t  have a c l e a r  c u t  answer. 
Electron micrographs taken of the d i f f e r e n t  coa ls  show 
differences i n  the  surface s t ruc tuzcs  which could account 
f o r  some of t h e  differences i n  ex t rud ib i l i ty .  
The s i z e  d i s t r i b u t i o n  o f  the coal mix is an important 
va r i ab l e .  One would t h e o r e t i c a l l y  l i k e  a be l l  shaped d i s -  
t r i b u t i o n  curve t o  g ive  an optimum packing dens i ty  t o  t h e  
ex t ruda te .  Unfortunately, i n  us ing screened run-of-mine 
coa l ,  w e  t ake  everything below 1/8" and are the re fo re  
unable t o  con t ro l  ou r  s i z e  d i s t r i b u t i o n .  This d i s t r i b u t i o n  
i n  t u r n  v a r i e s  wi th  t he  mining technique used and type of  
coal being mined. I n  general ,  t o o  l i t t le  f i n e s  and a 
weak extxudate is  obtained because of  poor dens i ty ;  t o o  
high a f i n e s  percentage and the  binder  conten t  must be 
increased t o  compensate f o r  t h e  increased  sur face  a rea .  
Moisture content  e f f e c t s  t h e  handling of  t h e  coa l ,  t h e  
s t r e n g t h  of the ex t ruda te  and t h e  power requi red  t o  extrude 
it. W e  genera l ly  l i k e  t o  s e e  the moisture conten t  i n  t h e  
3 t o  5% range. Handling problems w i t h  screening and 
conveying t h e  coa l  arise with  moisture conten ts  above t h i s .  
Drying t o  below 3% on the o t h e r  hand, pena l izes  t h e  process  
unnecessar i ly  because power is being wasted t o  excess ive ly  
dry the  coa l .  Also, more power i s  requi red  t o  extrude t h e  
d r i e r  mixes. The moisture i n  t h e  coa l  has t h e  added advantage 
o f  helping t o  spread the t a r  b inder  duxing the hea t ing  s tage .  
The amount and type of  b inder  used is a c r i t i c a l  
va r i ab l e  i n  t he  process f o r  both economic and physical  reasons. 
Coal t a r  p i t c h  obtained from the spray quench system c f  t h e  
g a s i i i e r  w i l l  be used i n  ou r  p i l o t  p l a n t  system. This use 
of  tar  as a binder  provides a means f o r  recyc l ing  what is 
otherwise a d i f f i c u l t  d i sposa l  problem. Whether t h e  system 
w i l l  be s e l f  s u f f i c i e n t  i n  t a r  w i l l  depend on t h e  type of 
coal being g a s i f i e d  and t h e  amount of t a r  requi red  f o r  t h e  
ex t rus ion  process.  
Idea l ly ,  we  would l i k e  to see n e i t h e r  a su rp lus  nor 
a def ic iency  of  tar.  Presen t ly ,  w e  are using b inder  conten ts  
i n  t h e  range of  6-'118,the a c t u a l  percentage used being a 
func t ion  of  t h e  mix being extruded and t h e  type of t a r  being 
used. I n  ou r  l a b  work, w e  are p re sen t ly  us ing a spha l t  p i t c h  
because it is  obtained l o c a l l y ,  easy  to  work wi th ,  and does 
n o t  r ep re sen t  a h e a l t h  haz?rd as do some of  t h e  coa l  tars.  
Other binders  such as ben ton i t e  and s u l f i t e  l i q u o r  have 
a l s o  been used. 
m 
With t h e  ex t rus ion  process ,  it is poss ib l e  t o  blend 
coals with o t h e r  components to o b t a i n  ex t ruda t e  wi th  s p e c i f i c  
p rope r t i e s .  The use of  ash a s  a d i l u e n t  is a genera l  technique 
t o  reduce t h e  swel l ing tendencies  of  c o a l  by sepa ra t ing  t h e  
coal p a r t i c l e s  and reducing t h e i r  tendency t o  s t i c k  together .  
I n  extruded c o a l ,  t h e  ash appears  t o  have a rather s p e c i f i c  
e f f e c t  i n  ywiucing the  measured swel l ing index o f  the ex t ruda t e  
and it does so by an amount g r e a t e r  than propor t iona te  t o  the  
amount of ash used. Figure 7 shows t h e  e f f e c t  of added ash  
on FSI f o r  a P i t t sburgh  1 8  coal .  This technique has allowed 
us to process highly caking coals  i n  a convkntional f ixed 
bed g a s i f i e r  without s t i rr ing .  The ash is, however, 
quite abrasive and does put an additional load on the 
extruder by requiring higher throughputs due to the di ln-  
t ion  o f  the mix by the inert  ash. 
Figure 7 .  E f f e c t  of Added A s h  on Free Swel l ing  Index 
TABLE 3 
COALS EXTRUDED 
COAL MINE LOCATION 
Anthracite 
HVA Bituminous (Pitt. #8) 
HVA Bituminous (Ill. # 6 )  
Bitumincus, M-V 
Bituminous, HVB 
Bituminous 
Subbituminour 
Subbituminous 
Lignite 
Lignite 
Lignite 
Minewas te 
Pennsylvania 
Pennsylvania 
Illinois 
Missouri 
Kentucky 
Japan 
Wyoming 
Japan 
Utah 
Texas 
Canada 
Illinois 
SUMMARY 
--.-- 
I n  summary, w e  are developing the coal e x t r u s i o n  p rocess  
as a means of  compacting and feeding c o a l  f i n e s  d i r e c t l y  
i n t o  a p r e s s u r i z e d  g a s i f i e r .  We chose  t h e  "coldi' e x t r u s i o n  
p rocess  over  a h ~ t  one and a screw machine over o t h e r  types .  
We havc seen economies of s c a l e  i n  go ing  from s m a l l e r  t o  
largcrmachines arrd have demonstrated g a s  s e a l i n g  c a p a b i l i t y  
a t  compet i t ive  power consumptions on t h e  2"  machine. Wear 
and process c o n t r o l  a r e  c o n t i n u i n g  problems, b u t  ones  i n  
which p rogress  i s  being made. The next major h u r d l e  is t o  
demonstrate  t h a t  t h e  p r o c e s s  parameters  can  be s c a l e d  up t o  the 6" 
e x t r u d e r  and t o  measure the four critical p a r k n e t e r s  of 
S 
s e a l i n g ,  power, outpu t  and wear whi le  o p e r a t i n g  on an 4 
a c t u a l  p r e s s u r i z e d  g a s i f i e r .  
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